Genomic analysis of mutants affecting xanthophyll biosynthesis and regulation of photosynthetic light harvesting in Chlamydomonas reinhardtii.
When the absorption of light energy exceeds the capacity for its utilization in photosynthesis, regulation of light harvesting is critical in order for photosynthetic organisms to minimize photo-oxidative damage. Thermal dissipation of excess absorbed light energy, measured as non-photochemical quenching (NPQ) of chlorophyll fluorescence, is induced rapidly in response to excess light conditions, and it is known that xanthophylls such as zeaxanthin and lutein, the transthylakoid pH gradient, and the PsbS protein are involved in this mechanism. Although mutants affecting NPQ and the biosynthesis of zeaxanthin and lutein were originally isolated and characterized at the physiological level in the unicellular green alga Chlamydomonas reinhardtii, the molecular basis of several of these mutants, such as npq1 and lor1, has not been determined previously. The recent sequencing of the C. reinhardtii nuclear genome has facilitated the search for C. reinhardtii homologs of plant genes involved in xanthophyll biosynthesis and regulation of light harvesting. Here we report the identification of C. reinhardtii genes encoding PsbS and lycopene varepsilon-cyclase, and we show that the lor1 mutation, which affects lutein synthesis, is located within the lycopene varepsilon-cyclase gene. In contrast, no homolog of the plant violaxanthin de-epoxidase (VDE) gene was found. Molecular markers were used to map the npq1 mutation, which affects VDE activity, as a first step toward the map-based cloning of the NPQ1 gene.